Cotoneaster pannosus (Rosaceae) is a semievergreen shrub, producing globose dark red pomes, native to China and widely used as an ornamental plant all over the world. Despite its extensive cultivation, little information is available on the chemical composition and biological activities of its fruits. In this work, the analysis of the chemical composition of C. pannosus fruits, in terms of phenolic components, carotenoids and ascorbic acid by HPLC/DAD, HPLC/ESI-MS and MS/MS as well as in terms of macro-and micronutrients was performed. The fruits proved to be a good source of shikimic acid and caffeoylquinic acids, whereas β-carotene, pelargonidin-3-O glucoside and cyanidin-3,5-rutinoside gave an important contribution to the color of the fruit. Both the polar and apolar fruit extracts showed noteworthy radical scavenger activity and inhibitory effects against monoamine oxidase A (MAO-A), tyrosinase (TYR) and α-glucosidase, making C. pannosus red pomes a promising candidate ingredient in functional foods and dietary supplements. † These authors equally contributed to the article.
Introduction
The Rosaceae family encompasses several genera producing fleshy small fruits from which nutraceuticals, dietary supplements and food products are obtained. Main examples are given by strawberries, cherry, blackberry, red and black raspberry whose market is increasing in the US due to their beneficial effects on health. 1 Among the bioactive components of these fruits, tannins, catechins, flavanones, flavone and flavonol glycosides, anthocyanins and phenolic acids appear to be the most important. [1] [2] [3] However, among the many Rosaceae fruits occurring in nature, some of them can be considered overlooked because of the ornamental use of the plant, thus deserving further investigation in order to be exploited as a functional food or dietary component. This is the case of the fruits of the Cotoneaster Medik. genus.
The genus Cotoneaster (subfamily Maloideae) comprises about 90 species distributed in continental Europe, Asia and North America, and temperate regions of North Africa. 4 Its center of distribution is in China, where the majority of species (about 60%) are present. 5 They are represented by prostrate or erect, deciduous, evergreen or semi-evergreen shrubs or small trees producing inflorescences as cymes or corymbs and red to black drupe-like fruits accompanied by a persistent calyx. 6 Cotoneaster species are long lived, cold resistant and drought tolerant and for these reasons are commonly cultivated for horticultural purposes. 7 Their taxonomy is often complicated due to frequent hybridization and apomixes. 4 Species of the Cotoneaster genus are also used as traditional remedies worldwide, for instance as cardiotonic, diuretic, expectorant, antiviral, anticancer and antispasmodic agents. 8, 9 Flavone glycosides and flavonols were found as the chemotaxonomic markers of the genus. 5 C. pannosus Franch. is a semievergreen shrub, up to 2 m tall, native to China (Sichuan and Yunnan). The plant shows grayish, brown or purplish brown branchlets, caducous stipules and elliptic to ovate leaves, cuneate at the base and white tomentose abaxially. The inflorescences are given by terminal corymbs bearing up to 20 white flowers, each with 20 stamens and purplish red anthers. 10 The fruit is a dark red pome, globose or ovoid, 7-8 mm in diameter, with 2 pyrenes, appearing in September to October. 11 The wild C. pannosus occurs in scrub lands, slopes, rocky and waste places in mountain regions from 1100 to 3200 m a.s.l. 10 In China, C. pannosus is a popular ornamental plant, but elsewhere (e.g., America and Australia) it escapes cultivation so that it is considered as an invasive species of natural plant communities. 11 Although this species has been extensively used as an ornamental plant, so far there are no scientific studies on the chemical constituents and biological activities of its fruits. Given the ease of cultivation and growth rate, C. pannosus could be exploited as a source of nutraceuticals and bioactive compounds. Therefore, the first aim of this study was to thoroughly investigate the chemical composition of the red pomes of C. pannosus in terms of phenolic components, carotenoids, ascorbic acid, macro-and micro-nutrients. Red fruits such as berries or certain drupes are traditionally considered as a source of antioxidant compounds, mainly due to their high polyphenol content, capable of interacting with reactive oxygen species (ROS) and preventing their damage. These antioxidants participate in the prevention of damage caused by ROS by eliminating free radicals and therefore avoiding the progression of certain diseases. The oxidative damage of ROS is also related to neurodegenerative and metabolic diseases such as type 2 diabetes. For these reasons, the second aim of this work was to test the C. pannosus fruit extracts against free radicals as well as enzymes, namely monoamine oxidase A (MAO-A), tyrosinase (TYR), acetylcholinesterase (AChE) and α-glucosidase, whose inhibition may mediate neuroprotection and antidiabetic effects.
Materials and methods

Plant materials
Fruits of C. pannosus were collected from a tree cultivated at the Botanical garden of the University of Camerino (N 43°08′ 06″; E 13°04′09″; 638 m a.s.l.), Camerino, Italy, in September 2015. A herbarium specimen was deposited in the Herbarium Universitatis Camerinensis of the School of Bioscience and Veterinary Medicine, University of Camerino, under the codex CAME 27699, and archived in the anArchive botanical database (http://www.anarchive.it).
Reagents and standards
The analytical standards of gallic acid, catechin hydrate, epicatechin, 3-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, cinnamic acid, shikimic acid, rutin, quercitrin, hyperoside, and naringin were purchased from Sigma-Aldrich (Milan, Italy). The stock standard solutions were prepared by dissolving 10 mg of each compound in 10 mL of methanol and stored in a refrigerator sheltered from the dark with aluminium foil. Standard working solutions were prepared each day by diluting the stock solutions with methanol. meta-Phosphoric acid together with HPLC-grade solvents such as methanol, ethanol, hexane and acetonitrile were purchased from Sigma-Aldrich (Milan, Italy), while HPLC-grade formic acid 99-100%, potassium hydroxide and anhydrous sodium sulphate were bought from J.T. Baker B.V. (Deventer, Holland). For sample preparation and chromatographic analysis, deionized water of ≥18 MΩ cm −1 resistivity purified with a Milli-Q system (Millipore, Bedford, USA) was used. All solvents and solutions were filtered through a 0.45 µm PTFE filter from Supelco (Bellefonte, PA, USA) before use.
Fruit extraction
2.3.1. Phenolic compounds. Fifty g of fresh C. pannosus drupe-like pomes were crashed with a mortar and extracted under magnetic stirring for 1 h with 300 mL of ethanol : water 70 : 30 (v/v) acidified with formic acid 0.1% (yield 12.52%, w/w dry weight). Afterwards, the extract was dried with a rotavapor at 30°C, freeze-dried and stored in a freezer at 4°C until use. For HPLC analysis, the samples were prepared by re-dissolving 20 mg of the extract with 1 mL of acetonitrile; the sample solutions were filtered through a 0.45 μm PTFE filter from Supelco (Phenex, Phenomenex, Torrance, CA, USA) before injection into HPLC-DAD. Each sample was analyzed in triplicate.
2.3.2. Anthocyanins. The freeze-dried fruits (1 g) were ground and the obtained powder was extracted with 30 mL of 70% EtOH adjusted to pH 1.8 by adding HCOOH, overnight under stirring and centrifuged by Hermle LaborTechnik (5000 rpm × 5 min). The final volume of the extract was 50 mL. The obtained sample was analyzed by HPLC-DAD-MS.
2.3.3. Carotenoids. One gram of freeze-dried fruits was ground and extracted with 35 mL of ethanol/hexane 55 : 45 (v/v) under stirring for 10 min, in the dark. After filtration, the solid residue was subjected to further extraction under the same conditions. Then the extract obtained was dried using a rotavapor at 30°C and re-dissolved with 5 mL of acetone for the HPLC-DAD analysis.
2.3.4. Ascorbic acid. The sample preparation procedure was performed according to Caprioli et al. 12 Briefly, five g of the sample were extracted for 4 h with 25 mL of water with 5% MPA (meta-phosphoric acid) as the extraction solvent, in the dark. Afterwards, the samples were centrifuged at 5000 rpm for 20 min and then filtered before HPLC-MS analysis. The extractions were carried out in triplicate. In order to estimate the water content, the fresh material was left in a stove at 133°C for 24 h; the moisture content was determined by weighing the samples of each collection before and after drying.
Instrumental analysis
2.4.1. Polar compounds. HPLC-DAD studies were performed using a Hewlett-Packard HP-1090 Series II (Palo Alto, CA, USA), equipped with a vacuum degasser, a binary pump, an autosampler and a model 1046A HP photodiode array detector (DAD) following a previous method with some modifications. 13, 14 The analytical column used for the separation of the analytes was the Synergi Polar-RP C18 (4.6 mm × 250 mm, 4 µm i.d.) from Phenomenex (Chesire, UK).
The column was preceded by a Polar RP security guard cartridge (4 × 3 mm i.d.). The mobile phase was water (A) and acetonitrile (B) both containing 0.1% of formic acid working in the gradient mode as follows: 0 min, 20% B, 0-15 min, 60% B; 15-20 min, 60% B; 20-25 min, 20% B; 25-30 min, 20% B. The flow rate was set at 0.8 mL min −1 , and the column temperature was controlled at 30°C. The injection volume was 5 μl. UV spectra were recorded in the range 230-350 nm for the target analytes, where 230 nm was used for quantification of shikimic acid, 256 nm for rutin, hyperoside and quercitrin, 272 nm for gallic acid, 280 nm for catechin, epicatechin, cinnamic acid, naringin, 325 nm for 3-O-caffeoylquinic acid, 5-Ocaffeoylquinic acid and 3,5-di-O-caffeoylquinic acid.
2.4.2. Anthocyanins. The quantitative analysis was carried out using a HP-1200 liquid chromatograph equipped with a DAD detector. The column was a Luna RP 18 (150 × 3 mm, 5 μm) from Phenomenex. The mobile phase was (A) water pH 2.0 acidified with HCOOH and (B) acetonitrile. The following multistep linear gradient was applied: from 95% to 85% of A in 3 min, 11 min to reach 75% A, then 6 min to arrive at 65% A, 2 min to reach 100% B. The total time of analysis was 22 min, flow rate 0.4 mL min −1 and oven temperature 26 ± 0.5°C. Quantitative evaluation of anthocyanins was performed using four-point regression curves (r 2 = 0.9998) of keracyanin (cyanidin-3-O-rutinoside) as the reference compound, calculated at 520 nm in the linearity range 0-1.7 μg. All the anthocyanins were expressed in keracyanin (MW 595), applying the correction factor for the molecular weight. The quantitative data were calculated as a medium of triplicate measurements.
The HPLC/MS analysis were undertaken by using a Series 1100 Agilent Technologies (Waldbronn, Germany) CapPump coupled to an Agilent Micro ALS autosampler, both being fully controlled from the API 4000 data system. An Applied Biosystems-Sciex (Toronto, Canada) API 4000 bench-top Triple-Quad mass spectrometer equipped with the TurboIonSpray source was used for this study. The TurboIonSpray source was operated under positive ion mode at a voltage of 5500 V and with a "turbo" gas flow of 10 L min −1 of air heated at 350°C (nominal heating-gun temperature). Mass calibration and resolution adjustments on the resolving quadrupoles were performed automatically by using a PPG 10 −7 mol L −1 solution introduced via the built-in infusion pump. The resolution was set on both resolving quadrupoles at 0.7 amu (measured at 1/2 height) for all MS and MS/MS experiments. Collision activated dissociation (CAD) MS/MS was performed through the LINAC Q2 collision cell, operating with 10 mT or pressure of nitrogen as the collision gas. Declustering potential (DP), collision exit potential (CXP) and collision energy (CE) were automatically optimized for keracyanine chlorhydrate by the 'quantitation optimization' option. The following transitions were monitored: m/z 449.3 > 287.2 m/z and m/z 595.4 > 287.2 m/z. Optimal CE and CXP were found at 32, 28 V and 8, 14 V respectively. The resulting DP was +90 V for all transitions. MS and MS/MS spectra were collected in continuous flow-mode by connecting the infusion pump directly to the TurboIonSpray source. Data were processed using the Analyst 1.5,2 proprietary software including the 'Explore' option (for chromatographic and spectral interpretation) and the 'Quantitate' option (for quantitative information generation).
2.4.3. Carotenoids. The analyses were carried out with an HP1100L liquid chromatograph coupled with a DAD detector (Agilent Technologies, Palo Alto, CA, USA) using a Luna RP 18 column (150 × 3 mm, 5 μm i.d.) from Phenomenex. The mobile phases were 0.1% formic acid/water and acetone; a multistep linear solvent gradient was applied: in 0-20 min from 80 to 100% acetone and a final plateau of 5 min. Equilibration time 10 min, flow rate 0.4 mL min −1 , oven temperature 26°C and injection volume 10 μL. The quantitative evaluation of carotenoids was performed through the use of the external standard β-carotene at 430 nm. The calibration curve was in a linearity range between 0.1 μg and 1.94 μg with an r 2 of 0.9999. The quantitative data were calculated as a medium of triplicate measurements.
2.4.4. Ascorbic acid. HPLC-MS studies were performed using an Agilent 1290 Infinity series and a Triple Quadrupole 6420 from Agilent Technologies (Santa Clara, CA) equipped with an ESI source operating in negative mode. The column used was a Synergi Polar-RP C18 (4.6 mm × 150 mm, 4 µm i.d.) and the analysis of ascorbic acid was performed according to a method already proposed by Caprioli et al. 15 Briefly, the mobile phases for HPLC-ESI-MS (triple quadrupole) analyses were water (95%) and methanol (5%) both containing 0.1% of formic acid at a flow rate of 0.7 mL min −1 under isocratic conditions. The injection volume was 5 μL and the temperature of the column was 30°C. The settings of the ionization source (electrospray) were the following: temperature of the drying gas was 350°C, the gas flow was 13 l min −1 , the nebulizer pressure was 60 psi and the capillary voltage was 4000 V. Quantifications were performed by analyzing in selected ion monitoring (SIM) mode the ions m/z 175.1 [M − H] − for ascorbic acid.
Proximate analysis, mineral content and fatty acid composition
C. pannosus fruits were analysed for chemical composition (moisture, protein, fat, dietary fiber, carbohydrates and ash). 15 The moisture content was calculated by oven drying the sample to a constant weight (24 h, 133°C). The crude protein content was estimated by using the Kjeldahl method; the crude fat was determined by extracting a known weight of the powdered sample with petroleum ether, using a Soxhlet apparatus; the ash content was determined by incineration at 600 ± 15°C for 1 h. Dietary fiber content was determined by a gravimetric method after acidic hydrolysis of the samples. Total carbohydrates were calculated by difference, subtracting to 100 g the amount of different nutrients. Total energy was calculated according to the following equations:
Â ðg lipidÞ:
C. pannosus fruits were also used to determine the macroelements (Mg, Na, K and Ca) and micro-elements (Cu, Zn and Fe) concentrations. 15 One g of each sample powder was digested with HNO 3 and HClO 4 in the ratio 4 : 1 for 15 min at 350°C until a clear solution was obtained. The desired volume of double distilled water was added to the digested and cooled samples. Mineral contents in all the digested samples were analyzed through ICP-MS (Agilent 7500s, Agilent Technologies, Waldbronn, Germany). The results, expressed as the weight percentage on a fresh weight basis, were obtained from triplicate measurements of each sample.
To determine the fatty acid composition the procedure reported in Caprioli et al. was followed. 15 Briefly, the lipid fraction from a 5 g aliquot of C. pannosus fruits was obtained with hexane and ethanol and then, in order to obtain fatty acid methyl esters, it was subjected to transmethylation with methanolic potassium hydroxide and finally analysed by gas chromatography coupled with flame ionization detection.
Bioactivities of C. pannosus fruit extracts
Extracts prepared following the procedures reported in sections 2.3.1. and 2.3.3. correspond to the polar and apolar fractions of the C. pannosus fruits and were evaluated for the following activities.
2.6.1. Antioxidant activity against DPPH radicals. The antioxidant activity of C. pannosus extracts was measured by using a colorimetric method based on the scavenging capacity of antioxidants to scavenge DPPH (2,2-diphenyl-1-picrylhydrazyl) free radicals. 16 The odd electron of the nitrogen atom in DPPH is reduced by receiving a hydrogen atom from antioxidants to the corresponding hydrazine. 150 μL of a DPPH methanolic solution (0.04 mg mL −1 ) were added to 150 μL of different sample concentrations dissolved in methanol. Absorbance was measured at 517 nm after 30 min of reaction at room temperature in a microplate reader. Controls contained a DPPH solution and the sample solvent (methanol). Background interferences from solvents were deducted from the activities prior to calculating the radical scavenging capacity by using the formula: RSC (%) = [(Abs control − Abs sample )/Abs control ] × 100. Ascorbic acid, as the reference antioxidant, was also measured to compare with C. pannosus extracts' antioxidant activity.
2.6.2. MAO-A inhibition. The bioassay was performed in a 96-well microplate following a previous protocol. 17 Each well contained 50 μL of C. pannosus extracts in methanol (or DMSO solvent as the control), 50 μL of chromogenic solution (0.8 mM vanillic acid, 417 mM 4-aminoantipyrine and 4 U mL −1 horseradish peroxidase in potassium phosphate buffer pH 7.6), 100 μL of 3 mM tyramine and 50 μL of 8 U mL −1 MAO-A. Control wells and blanks were also considered in the plate. Absorbance was read at 490 nm every 5 min for 30 min. Clorgyline was used as the reference substance.
2.6.3. Acetylcholinesterase inhibition. The activity was measured by applying Ellman's method to 96-well microplates. 18 2.6.4. Tyrosinase inhibition. The assay was conducted in 96-well microplates using a described method. 19 Each well contained a mixture of 10 μL of C. pannosus extracts in DMSO, 40 μL of L-DOPA, 80 μL of phosphate buffer ( pH = 6.8) and 40 μL of tyrosinase. Control wells and blanks were also considered in the plate. Absorbance at 475 nm was measured. α-Kojic acid was used as the reference substance in this assay. The results were expressed as the percentage of the control. RSC (%) = [(Abs control − Abs sample )/Abs control ] × 100.
2.6.5. α-Glucosidase inhibition.
The capacity of C. pannosus extracts to inhibit α-glucosidase was measured in a 96-well microplate reader at 405 nm as previously described. 20 Each well contained 50 μL of sample and 100 μL of enzyme. After 10 min of preincubation, 50 μL of pNPG were added and incubated at 37°C for 20 min. Control wells and blanks were also considered in the plate. Acarbose was used as the reference compound. The results were expressed as the percentage of the control. RSC (%) = [(Abs control − Abs sample )/ Abs control ] × 100.
Results and discussion
Quantification of flavonoids, phenolic and shikimic acids
We performed the simultaneous analysis of twelve compounds, namely shikimic acid, gallic acid, catechin, epicatechin, 3-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 3,5-di-Ocaffeoylquinic acid, rutin, hyperoside, quercitrin, cinnamic acid and naringin, in the polar C. pannosus fruit extract (see section 2.3.1.). In Table 1 oxidant, antibacterial, antihistaminic, hepatoprotectant and neuroprotective activities. 14 The occurrence and amount of these hydroxycinnamic acids in C. pannosus fruit is higher than those of bilberries (1130-2310 mg kg −1 ), raspberries (230-270 mg kg −1 ), strawberries (470-530 mg kg −1 ) in raw extracts obtained with 70% acetone, methanol 60%, water, and hexane as different extraction solvents as reported by Kähkönen et al. 21 Other polyphenols present in C. pannosus berries were gallic acid (308.4 mg kg −1 ), the two flavanols catechin (59.9 mg kg −1 ) and epicatechin (101.0 mg kg −1 ), and the flavonol glycoside rutin (64.1 mg kg −1 ). Finally, naringin (10.9 mg kg −1 ), hyperoside (2.5 mg kg −1 ) and cinnamic acid (1.4 mg kg −1 ) were found in low levels.
The level of gallic acid detected in C. pannosus fruit extract (308.4 mg kg −1 ) is higher than those reported in most blueberry and blackberry samples (from lacking to 64.2 mg kg −1 ). 22 The levels of catechin and epicatechin were instead comparable to those reported in blueberries and blackberries (range of 98.7-3874.4 mg kg −1 for catechin and from lacking to 1295.1 mg kg −1 for epicatechin), 22 although their concentrations are highly variable according to the different cultivars and geographic origin of the samples. Based on the above dis-cussion, we may conclude that C. pannosus red pomes proved to be a good source of polyphenols.
Quantification of pigments
3.2.1. Anthocyanins. In the present study, two individual anthocyanins, in particular diglucosides and glucosides of anthocyanidins ( pelargonidin and cyanidin), were identified using HPLC/DAD, HPLC/ESI-MS and MS/MS analysis as reported in Fig. 1 . In Table 2 the individual compounds analyzed, together with molecular weight, relative fragments obtained from mass analysis and the amount of the detected anthocyanins (µg g −1 fresh berries) are reported. The most abundant anthocyanin in C. pannosus berries was pelargonidin-3-O glucoside (72.66 ± 1.9 µg g −1 fw), followed by cyanidin-3,5-rutinoside (32.16 ± 2.5 µg g −1 fw). The former represented 69% of the total anthocyanin amount (104.81 ± 2.99 µg g −1 fw). This value is in agreement with those reported in previous studies carried out on fruit Cotoneaster species. 23 3.2.2. Carotenoids. The chromatographic profile of the carotenoidic fraction, reported in Fig. 2 , showed 8 different compounds, with β-carotene (C4) as the major one and representing 74% of the total carotenoidic content. The identification of this compound was done by comparison of the R t and UV-Vis spectrum with respect to those of the β-carotene commercial standard. The carotenoidic content in the C. pannosus fruit is reported in Fig. 3 and the total amount was 14 μg g −1 fw. This is the first report on the carotenoidic content of C. pannosus fruits. In the literature, the presence of carotenes in the fruits of Cotoneaster species and relatives was documented. For instance, the ripe fruit of Pyracantha angustifolia was reported as a good source of pro-γ-carotene. 24 A very small amount of β-carotene was found in the branch ethanolic extract of C. horizontalis. 25 Schaefer et al. reported that the carotenoidic content in fruits from seven Cotoneaster species (e.g., C. affinis, C. dammeri, C. dielsianus, C. melanocarpa, C. moupensis, C. nebrodensis) was in the range 0-55 mg g −1 . 23
Proximate analysis
The results of the chemical composition and estimated energetic value (estimated on a fresh weight basis) obtained for C. pannosus are shown in Table 3 , whereas the fatty acid composition is reported in Table 4 . The moisture content was 75.4%. Protein was found to be 1.3%, meanwhile carbohydrates were 17.0%. Fats were 0.05%. The most abundant fatty acid of the lipid fraction was Z,Z-9,12-octadecadienoic acid (linoleic acid), representing 66.8% of the total fatty acid composition. Linoleic acid is an essential fatty acid belonging to the n-6 series; it is required for the biosynthesis of eicosanoids but cannot be synthesized by the human body; it is the major polyunsaturated fatty acid in most diets. The substitution of saturated fatty acids in the diet with linoleic acid has been associated with improved serum lipoprotein profiles and reduced risk of coronary artery disease. 26 The fatty acid Z-9octadecanoic acid (oleic acid) represented 22.8% of the total composition. Oleic acid is the major monounsaturated fatty acid in the diet and its intake has been associated in several studies with the beneficial effects of the Mediterranean diet. 27 The only saturated fatty acid detected was hexadecanoic acid ( palmitic acid), and it was found in an overall low amount (5.1%). Crude fiber, an important component with beneficial effects on organisms, was quite high (4.6%) in C. pannosus red pomes. The percentage of ash was 1.4%. This value, which signifies the inorganic part of the fruit, is eloquent of high mineral content. On the basis of the proximate analysis, it was calculated that one hundred g of C. pannosus fruits provided 75 kcal. The mineral content, expressed in mg kg −1 fw, is given in Table 3 . Minerals play essential functions such as in skeletal structure, maintenance of the colloidal system and regulation of the acid-base equilibrium; they are also the components of hormones, enzymes and enzyme activators. The fresh fruits of C. pannosus proved to be rich in macro-elements such as Ca (2950.9 mg kg −1 ) and K (2607.9 mg kg −1 ), followed by minor amounts of Mg (277 mg kg −1 ) and Na (49.3 mg kg −1 ). Among microelements we found noteworthy levels of Fe (13.0 mg kg −1 ), Cu (1.5 mg kg −1 ) and Zn (7.4 mg kg −1 ).
It is known that supplementation of calcium may play a pivotal role in preventing the insurgence of osteoporosis in elderly people. 28 Thus, the high levels of this element found in C. pannosus make it a potential food supplement in inadequate calcium intake cases. It is also worthwhile to note that high dietary intake of potassium may protect people from the risk of cardiovascular diseases. 29 On this basis, the consumption of C. pannosus fruits may protect patients suffering from cardiac problems. Furthermore, the high levels of potassium detected in these fruits may substantiate the reported traditional use as cardiotonic. 9 Our previously developed and validated method was applied to determine the amount of ascorbic acid in C. pannosus fruit, and the level found was 29.53 mg 100 g −1 fw (Table 3 ). 15 The extraction was performed in quadruplicate with RSD% lower than 3.75%. This value is lower with respect to those reported in the literature for other fruits such as those of Hypericum androsaemum (135 mg 100 g −1 ), dog rose (417 mg 100 g −1 ) and orange (76 mg 100 g −1 ), but comparable with respect to other fruits and vegetables such as parsley (26.84 mg 100 g −1 ), pineapple (24.22 mg 100 g −1 ) and starfruit (18.65 mg 100 g −1 ). 15, 30, 31 
Bioactivities of Cotoneaster pannosus fruit extracts
The DPPH assay indicated that C. pannosus extracts have antioxidant properties due to their ability to scavenge free radicals. The extracts showed a dose-dependent antiradical activity (Fig. 4A) , and IC 50 values were calculated using nonlinear regression, being 47.3 and 54.9 µg mL −1 for the C. pannosus polar and apolar extracts, respectively, and 2.7 µg mL −1 for ascorbic acid. These results show that C. pannosus may represent an interesting source of antioxidant compounds.
Other species of the Cotoneaster genus have already demonstrated antioxidant properties and inhibition of some enzymes (cholinesterase, tyrosinase, α-amylase and α-glucosidase). [32] [33] [34] However, the bioactive properties of the species C. pannosus have never been studied or described because of its main use as an ornamental plant.
The capacity of C. pannosus extracts to inhibit physiological enzymes has been studied using key enzymes of neurotransmitter metabolism (MAO-A, AChE and TYR) and glycaemia regulation (α-glucosidase).
The results for central nervous system enzymes were positive except for the AChE assay, where the extracts did not show activity (data not shown). However, both extracts showed a clear dose-dependent inhibitory activity on MAO-A and TYR enzymes ( Fig. 4B and C) , with IC 50 values calculated using nonlinear regression. In both enzymes, inhibition was over 50% at higher doses of C. pannosus extracts. In the MAO-A assay, IC 50 values were 148.64 and 291.61 µg mL −1 for the polar and apolar fractions of C. pannosus, respectively, and 0.15 µg mL −1 for clorgyline. In the TYR assay, IC 50 values were 2240.56 and 1270.37 µg mL −1 for the polar and apolar fractions, respectively, and 3.52 µg mL −1 for kojic acid. In these two assays, IC 50 values were very similar for both extracts, with no significant differences, and far from the reference enzyme inhibitors. MAO-A participates in the deamination of catecholamines and serotonin generating hydrogen peroxide; certain compounds participating in this inhibition may lead to neuroprotective effects. 35 Tyrosinase is a copper-containing enzyme that is essential for pigmentation of tyrosine-melanin, and also in the dopamine-induced neuronal damage. 36 The inhibition of TYR may represent a potential neuroprotective strategy as well although TYR inhibitors are widely used in cosmetology to prevent skin pigmentation. 37 The inhibitory activity of enzymes related to the nervous system has been reported in other plants from the Rosaceae family or in red fruit-producing plants. 19, 38, 39 However, there is no scientific evidence of these properties for C. pannosus, since it has been mainly used as an ornamental shrub without known bioactive or nutritional applications. An important contribution in the MAO-A and TYR inhibition showed by the polar extract may be given by the high level of chlorogenic acids. 39 In addition, C. pannosus extracts were able to inhibit α-glucosidase, which is an enzyme involved in glucose metabolism. Fig. 4D shows the dose-dependent inhibition of this enzyme. IC 50 values were calculated using nonlinear regression, being 27.82 and 12.74 µg mL −1 for polar and apolar extracts of C. pannosus, respectively, and 381.08 µg mL −1 for acarbose, a reference inhibitor to treat and prevent type 2 diabetes. Both extracts presented a similar IC 50 and the best values of inhibition (Table 5 ), even better than that of the reference compound. In this case, the major role of chlorogenic acids has to be excluded, and other extract constituents, such as flavonoids, may give an important contribution. 40 This α-glucosidase inhibitory capacity has been shown in other Cotoneaster species. 34 For these reasons, C. pannosus could be an interesting source of antioxidants and bioactive molecules to prevent metabolic disorders such as hyperglycaemia or neurodegenerative diseases.
Conclusion
C. pannosus has traditionally and exclusively been used for ornamental purposes. This investigation showed for the first time that its red pomes are a promising source of nutraceuticals endowed with in vitro antioxidant, antidiabetic and neuroprotective properties. Interestingly, both polar and apolar fractions, representing the whole fruit phytocomplex, showed important activity. These findings provide new insights into a possible application of C. pannosus in the pharmaceutical and food industries.
Conflict of interest
The authors declare that there is no conflict of interest. 
Paper Food & Function
Food Funct. This journal is © The Royal Society of Chemistry 2017
Published on 03 April 2017. Downloaded by University of Camerino on 21/04/2017 08:31:02.
View Article Online
